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ABSTRACT




Dr. Helen Neill, Examination Committee Chair 
Associate Professor of Environmental Studies 
University of Nevada, Las Vegas
According to the Southern Nevada Water Authority (2002), increasing demands
for water in southern Nevada will require the importation of additional water
resources. The purpose of this thesis was to examine one possible imported
resource: an interstate seawater desalination cooperative between entities in
California and Nevada. This cooperative would provide a permanent transfer of
Colorado River water from California to southern Nevada, in trade for a capital
contribution toward California coastal seawater desalination. This study uses a
benefit-cost approach as outlined in Dively and Zerbe (1994). Costs of both
entities in Nevada and California were calculated and technical feasibility
detailed. Results indicate that seawater desalination is more expensive than
existing water sources. However, when compared with other alternative sources,
seawater desalination appears competitive and may be a preferred alternative for
southern Nevada.
Ill
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CHAPTER 1 
INTRODUCTION
The lower Colorado River basin is facing an era of competing water demands. 
The demand for municipal, industrial, and agricultural water is exceeding 
apportioned quantities, requiring the lower Colorado River basin states and the 
United States Bureau of Reclamation (USBOR) to struggle with reducing water 
use (Metropolitan Water District, 2003b; United States Bureau of Reclamation, 
2003c).
According to the Southern Nevada Water Authority (SNWA), explosive 
population growth in southern Nevada is the primary factor contributing to 
increased water demand in Clark County (Southern Nevada Water Authority, 
2002). The Clark County Comprehensive Planning Agency (CCCPA) reports 
that the monthly average net migration to Clark County from July 1990 to June 
2001 was 4,957 people (Clark County Comprehensive Planning Agency, 2003). 
Water use estimates indicate this net migration of nearly 60,000 people per year 
increases total annual demand for water by approximately 7,500 acre-feet (af) 
(SNWA, 2003). California and Arizona also continue to increase in population, 
thereby increasing the demands placed on the Colorado River (USBOR, 2003c).
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Municipalities in southern Nevada are attempting to bridge the gap between 
demand and supply through an aggressive water conservation campaign. As 
part of this campaign, the SNWA and its member agencies have increased water 
rates with larger volume users receiving steeper increases. However, current 
water rate increases alone are insufficient to bridge the demand-supply gap. 
Therefore, SNWA is also looking for new water supplies to supplement its current 
resources (SNWA, 2002).
To date SNWA has identified various water supply alternatives (Table 1). 
Three potential alternatives include, water banking in Arizona, utilization of the 
shallow ground water aquifer in southern Nevada, and seawater desalination as 
a potential water supply resource for southern Nevada (SNWA, 2002).
Table 1 SNWA 2002 Water Resource Plan*
1. Interim Surplus (Colorado River water)
2. Unused apportionment/surplus when available (Colorado River water)
3. Clark County groundwater
4. Arizona Demonstration Project (Colorado River water)
5. Arizona Groundwater Bank (Colorado River water)
6. Las Vegas valley shallow aquifer
7. Muddy River
8. Virgin River
9. Southern Nevada groundwater bank
10. Colorado River transfers/marketing
11. Seawater desalination exchanges
12. Cooperative water project
13. Las Vegas valley storm  w ater_________________________________________
*Given in order of expected priority
Nevada continues to make significant headway with banking water in Arizona. 
Water banking is a process whereby Arizona stores some portion of either
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Nevada or Arizona’s unused Colorado River apportionment in underground 
aquifers. In future years Nevada can call on this water, and Arizona will pull the 
water back out of the ground and use it in their state, forgoing an equivalent 
volume of Colorado River water for southern Nevada to take from Lake Mead. 
Agreements between the states established a cost reimbursement scenario: 
Nevada pays Arizona the amount that Arizona paid to inject the water into the 
ground and pump it back out (Agreement for Interstate Water Banking, 2001). 
Actual costs are not yet known because no withdrawal from the bank has yet 
been made.
Southern Nevada’s shallow aquifer is also considered to be a sustainable 
water resource. The aquifer is fed primarily by excess irrigation run-off within the 
Las Vegas valley, and is considered a nuisance to construction activities. It is 
possible to pull this water from the ground and treat it to potable standards for 
use in southern Nevada (SNWA, 2002). Pilot studies have shown a range of 
costs under a range of treatment options (Black and Veatch, 1999).
One of the most promising sources of fresh water not utilized by the lower 
basin of the Colorado River, let alone southern Nevada, is seawater desalination 
(Simon, 1998). This resource may play a significant role in off-setting the 
increased water demands by population increases. Seawater desalination is 
currently being used throughout the world (Simon, 1998) and has the potential to 
be used within the Colorado River basin as a drought-proof supplement to 
current supplies. Municipalities which are situated on or near the coast have the 
advantage of access to seawater; however, a land-locked state like Nevada
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could design a cooperative with an entity in a coastal state like California. 
Nevada would pay for all or part of a desalination plant for use in California, in 
exchange, California would provide Nevada with some portion of its entitlement 
to Colorado River water. California would then replace its exported entitlement 
with desalinated seawater.
The purpose of this thesis is to examine a potential interstate seawater 
desalination cooperative between California and Nevada and compare it to the 
alternatives using a benefit-cost approach.




Law of the River
Southern California and southern Nevada rely heavily on the Colorado River, 
which enters Mexico after flowing through seven states: Colorado, Wyoming, 
Utah, New Mexico, Nevada, Arizona, and California. The river is approximately 
1,400 miles long, encompassing a 246,000 square mile watershed. The system 
is fed primarily by headwater snowmelt in Colorado and Wyoming, but several 
tributaries also add water while it winds through the states (Davenport, 2003).
The Colorado River is managed and apportioned pursuant to a collection of 
laws known as the “Law of the River” (Davenport, 2003). The first of these laws 
is the Colorado River Compact (1922). The Colorado River Compact divided the 
Colorado River basin states into upper and lower basins. The upper basin 
consists of Utah, Colorado, Wyoming, and New Mexico, while Nevada, Arizona 
and California comprise the lower basin states. Based on annual river flow 
predictions, the 1922 Compact allocated the upper and lower basins 7.5 million 
af per year (mafy) each. An af of water is approximately 326,000 gallons, or 
enough water to supply approximately eight people for a year (SNWA, 2002).
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The second major law is the Boulder Canyon Project Act (1928), which 
authorized the construction of Hoover Dam. It mandated the subdivision of the 
7.5 million acre-feet per year (mafy) apportionment to the lower basin states: 
Arizona 2.8 mafy, California 4.4 mafy, and Nevada 0.3 mafy.
The third significant component of the Law of the River occurred in 1944 
when the United States entered into a treaty with Mexico: The Mexican Water 
Treaty (1944). In accordance with that treaty, Mexico is entitled to 1.5 mafy of 
Colorado River water.
Current Water Supplies and Use
In 2002, California exceeded its basic Colorado River apportionment by 
approximately 800,000 af, bringing total consumption in that state to 5.2 mafy. 
Nevada exceeded its basic apportionment in 2002 by approximately 20,000 af, 
bringing total consumption in Nevada from the Colorado River to approximately
320,000 af (USBOR, 2003b). In an effort to bring California’s use of Colorado 
River water back to the basic entitlement of 4.4 mafy, in 2001 the seven 
Colorado River basin states reached an historical agreement, recognizing the 
California’s Colorado River Water Use Plan. This plan is based on a series of 
reductions in California’s reliance on Colorado River water over the next fifteen 
years to bring the consumptive use in California from approximately 5.2 mafy to 
4.4 mafy (Davenport, 2003). In order to accomplish this task, agencies, such as 
the Metropolitan Water District of Southern California (MWDSC), are already 
seeking new sources of water, including seawater desalination (MWDSC,
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2003b). Nevada is also seeking new sources of potable water and innovative 
approaches to river management (Davenport, 2003).
Hines and Maddock (1995) examined these new innovative approaches to 
river management in the arid southwest. The authors begin by describing the 
nationwide supply and demand problem associated with water focusing on the 
increased severity of the problem in the southwest. They examined how the 
cities of El Paso, Albuquerque, Las Vegas, and Phoenix are developing water 
strategies to combat future problems. However, it is shown that implementing 
these new local water supplies can be difficult, especially in the face of 
environmental and legal constraints. To overcome these constraints, the authors 
submit that “nontraditional approaches to water supply development are essential 
in view of growing environmental, legal, and institutional constraints” (p. 10). 
Within the Las Vegas valley, the paper identified such water management 
strategies as; conserving water, ground water recharging, importation of other 
water resources, and the creation of the Southern Nevada Water Authority. 
Additional innovative approaches include; water reallocation, transfers, and long­
term water leases as a conjunctive mean to maximize water available to 
metropolitan areas.
Southern Nevada relies on two main water supply sources to meet its 
demands, diverted Colorado River water and a local ground water supply. From 
the Colorado River southern Nevada is limited to an annual basic^ consumptive 
use of 300,000 af. However, water users in the valley can divert additional af per
’ In some years the Secretary of the Interior through the USBOR will declare a surplus allowing 
Colorado River using states to use more than their basic apportionment (Davenport, 2003).
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year as long as they return an equivalent amount. Consumptive use is the 
amount of water southern Nevada diverts from the Colorado River and does not 
return. The returned water is known as a return flow credit (RFC). Local 
groundwater not originating from the Colorado River, which flows back into the 
Colorado River system, is not counted as a RFC. Therefore, any additional 
supply of Colorado River water allocated to southern Nevada is subject to RFC’s 
and is more valuable as a resource than water which does not get accounted for 
as a RFC. According to the Colorado River Commission of Nevada (2003), 
approximately thirty-three percent of the water diverted, or withdrawn, from Lake 
Mead gets returned through the Las Vegas Wash back into the Colorado River 
system. As an example, if a trade for Colorado River water was made between 
California and Nevada in the amount of 10,000 af, Nevada through its RFC’s 
would be allowed to divert and use an additional third of that consumptive use or 
a total diversion of approximately 13,300 af for a given year.
Colorado River Basin Environmental Concerns
An interstate exchange of water has the potential to effect the environment; 
this fact coupled with the heavy reliance on Colorado River water by the basin 
states makes understanding the systems environmental concerns crucial. It is 
increasingly apparent that the amounts of fresh water currently being used within 
the lower basin can sustain only limited numbers of people (USBOR, 2003c). 
Additionally, concerns over the ability of the river system to adequately protect 
environmental needs have risen as consumptive use has increased with a 
growing population. Water agencies are attempting to manage these
8
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environmental concerns while simultaneously trying to keep up with population 
growth (SNWA, 2002). There are currently several environmental issues which 
relate to the use of the Colorado River that could be impacted with changes in 
river use.
Endangered and threatened species negatively affected by low flows and 
reduced habitat are of great concern. Attention to this issue grew after the 
United States Fish and Wildlife Service (USFWS) designated the entire lower 
Colorado River basin as “critical habitat.” Critical habitat is defined as “specific 
occupied and unoccupied areas that have been found to be essential to the 
conservation of a federally listed species, and which may require special 
management” (Endangered and Threatened, 1994). In response to this 
designation, the USBOR, the USFWS, and agencies from the three lower basin 
states formed the Lower Colorado River Multi Species Conservation Program 
(MSCP). Currently the MSCP is under development to address the biological 
needs of mammals, birds, fish, amphibians and reptiles, as well as invertebrates 
and plants (SWCA Inc, 2000).
An additional area of environmental concern is the Colorado River Delta. The 
Colorado River Delta is located just south of the United States border in Mexico 
at the confluence of the Colorado River with the Sea of Cortez. The Delta was 
once a lush, wetland ecosystem receiving water from the Colorado River before it 
emptied into the bay. Today, the Delta receives very little, if any, water because 
of upstream municipal, industrial and agricultural uses (Newcom, 2001).
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The Salton Sea, located 30 miles north of the U.S. Mexico border, the largest 
inland body of water in California, is also a concern. Comprised primarily of 
agricultural runoff, the Salton Sea is 25 percent saltier than the ocean, and as 
California begins a shift from agricultural water use to municipal use, the Salton 
Sea will likely lose its runoff supply. Because several hundred species of birds 
and a substantial fish population utilize the water and land as habitat, the Salton 
Sea is an important concern. Currently, California lawmakers and environmental 
groups are struggling with how, and to what extent, the sea should be protected 
(Althiser, Krantz, Lewis, 2000).
The aforementioned Colorado River environmental issues should all be 
considered in any new water supply agreement. The final agreement should 
analyze, and account for, the effect trading water from one state to another would 
have on these, and other, environmental issues.
Desalination
Definition and History
One of the most promising supplies of new water available for the lower basin
states is desalination of seawater. Desalination is the process of removing salt
from saline water in order to bring salinity to levels consistent with needed
standards (Buros, 2000). Simon (1998) identifies seawater desalination as one
of the solutions to a looming water shortage problem. He writes:
If we are heading toward a grave water crisis, which we are, and if 97 
percent of the world’s water is seawater, which it is, then one of the 
seemingly obvious answers to our looming catastrophe is to utilize 
seawater, (p. 85)
10
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Desalination is by no means a new idea. As a technology, desalination took 
its largest step forward in the 1940’s, during World War II, when armies needed 
to supply fresh water to their troops in areas where it was not available (Buros, 
2000). The first desalination technology was based on a thermal process that 
separated the fresh water from the salt. Technology has brought about several 
new ways to produce fresh water from seawater, including filtering techniques 
and flash distillation processes (Buros, 2000).
In 1993, the SNWA, the local water agency with the responsibility of 
managing southern Nevada's water resource, asked companies to evaluate 
alternative supplies of water that could be utilized within southern Nevada. One 
alternative presented by John Carollo Engineering and Black and Veatch 
Engineering, utilized seawater desalination through a cooperative arrangement 
between Nevada and Mexico. In this proposal, the consultants found it feasible 
for Nevada water agencies to build a seawater desalination plant on the coast of 
Mexico in exchange for part of Mexico’s allocation of Colorado River water under 
the Mexican Water Treaty (1944)(Frank, K. F., & Heckler, J. S., & Johnson, R.
D., 1993). Although the State of Nevada did not pursue the proposal at that time, 
the concept may be worth revisiting now because desalination technologies have 
improved, making the process more cost effective (Buros, 2000). Moreover, 
southern Nevada’s water needs are more critical today then they were when the 
proposal was initially made. Black and Veatch’s proposal for desalination of 
Mexican water provides a useful reference for pursuing an interstate desalination 
agreement between California and Nevada.
11
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Current United States Desalination Projects
Even though, southern Nevada did not pursue an interstate desalination 
agreement in 1993, other states moved forward with their own seawater 
desalination plans. Currently, there is only one large desalination plant operating 
in the United States (U.S.) and one in design stage. The single operating 
seawater desalination plant is located on Tampa Bay in Tampa Bay, Florida, and 
has been operating since January of 2003. According to R. W. Beck Inc. (2002), 
this particular plant opened with a capacity of 25 million gallons per day (mgd), 
which could be expanded to 35 mgd in the future. The initial cost for the 25 mgd 
stage was $110 million to design, to develop, and to build. This plant is expected 
to provide 10 percent of the region’s municipal water supply by 2008. Overuse of 
groundwater aquifers and subsequent environmental damage were the major 
driving forces behind this plant’s development (R. W. Beck Inc, 2002). For 
Tampa Bay, desalinated seawater is being used to replace current municipal 
water supplies, not supplement them.
Tampa Bay Desal, a subsidiary of Poseidon Resources Corp, is the 
developer and owner of the Tampa Bay plant. Tampa Bay Water, Florida’s 
largest wholesaler of water, will purchase all of the desalted drinking water from 
the plant. Expected wholesale rates are $2.08 per thousand gallons ($678 per 
af) for the first thirty-years, making it the least expensive desalted water in the 
world. Southwest Florida Management District, the agency responsible for 
managing the public water resources in 16 counties of west central Florida, will 
provide capital cost reimbursements (subsidy) of up to 90 percent. This brings
12
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the expected actual cost to Tampa Bay Water to $1.58 per thousand gallons 
($515 per af). Retail customers will see a gradual increase in their water bill 
through 2008. Tampa Bay Water estimates that a customer using 8,000 gallons 
of water a month could expect to see a $17.00 monthly increase in its water bill 
by 2008 (Tampa Bay Water, 2002).
There are two primary reasons why Tampa Bay Desal was able to produce 
desalinated water for such a low cost. The first is that this plant pulls water from 
a bay in the Atlantic Ocean, which is less saline than either the main body of the 
Atlantic or the Pacific (R. W. Beck Inc, 2002). The second is that they chose to 
locate the plant on site with the Tampa Electric Company‘s Big Bend electrical 
plant. Being co-located with an existing power company allows the desalination 
plant to use the electrical plant’s existing water intake facilities to draw seawater 
for the desalination plant (R. W. Beck Inc, 2002). It can also discharge its brine 
or hyper-saline water through the power plant’s cooling water discharge pipes. 
Moreover, the desalination plant can utilize the dilution benefit provided by the 
electrical plants cooling water discharge. The cooling water to brine water ratio is 
70:1, which essentially eliminates any environmental impacts associated with 
discharge of the saline water. In fact, Tampa Bay Water projects that by the time 
the brine water reaches the bay, it will be within 1.5% of the bays ambient salinity 
(Tampa Bay Water, 2002).
In a joint operation, the City of Carlsbad, the San Diego County Water 
Authority (SDCWA), and Poseidon Resources, are designing a seawater 
desalination plant to be built in Carlsbad, California (San Diego County Water
13
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Authority, 2002). This project will provide 56,000 af of desalted seawater per 
year, or enough water to serve the needs of nearly 300,000 people. Poseidon 
Resources (n.d.) reports that the plant can be expanded to produce 112,000 af 
per year if the need should arise in the future. The project is to be located on site 
with the Encina Power Plant in order to share the seawater intake facilities. 
Expected costs from this facility are approximately $794 per af (Poseidon 
Resources, n.d.).
The MWDSC is also pursuing desalination projects as part of its overall water 
supply portfolio. The MWDSC is a California public agency that imports water 
from the Colorado River and the States Water Project, supplying 26 member 
agencies that serve 17 million people (MWDSC, 2003b). The MWDSC sent out 
a request for proposals in 2002, initially seeking construction of a plant with a
50,000 af per year capacity of desalinated seawater. Currently, the MWDSC is 
considering whether to expand that requested capacity to 150,000 af per year. In 
order to make these projects economically feasible, the MWDSC is providing, 
under its Seawater Desalination Program, financial assistance of up to $250.00 
per af for deliveries of project water. The MWDSC will consider the requested 
amount in its final analysis and give more credit to those companies that can 
complete the project with a lower cost (MWDSC, 2003c). Current schedules 
indicate that an initial 100,000 af of capacity could be operating by 2010 
(MWDSC, 2003b).
14
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Desalination Technology
Desalination (also “desalinization” or “desalting”) is a process producing 
“product water”, or the water that is to be used for consumption, with a reduced 
salinity from that of the “feed water”, or the water entering the plant from the 
ocean. The feed water can be either brine or brackish water coming from the 
ground, from another source with low salinity, or water from the ocean. The salt 
concentration in the feed water determines the amount of energy required to 
produce the desired product. Higher saline water requires more electrical energy 
(Buros, 2000).
The two primary desalination technologies are thermal based technologies 
and filtration processes. The thermal desalination process is the oldest known 
way to remove salts from water. A thermal process is one in which heat is used 
to vaporize water molecules. The vaporized water molecules are collected and 
condensed to form fresh water. The thermal process mimics the natural water 
cycle that moves water from land to sea, and from sea to land, always leaving 
salts behind. The remaining solution, or brine, is hyper-saline and cannot be 
used (Buros, 2000).
Pressure is also an important component in the thermal distillation process. 
The ambient pressure around the heated water determines the point at which 
water molecules will be transformed into vapor, a pressure point known as the 
boiling point. For example, it requires less temperature and energy to bring 
water to boil at higher elevations, simply because the ambient air pressure
15
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surrounding the water is lower. In seawater desalination, this pressure concept 
is key to reducing costs (Buros, 2000).
The second desalination technology is filtration. Filtering processes utilize the 
characteristics of membranes to remove salts from water. Filtering techniques 
can be separated into two types: those that force saline water through a filter that 
captures salts, and those that use an electrical current to attract salt ions into 
membranes. Filtering is the newest desalination technology and has made 
significant progress in the past several decades (Buros, 2000).
Under either desalination technology, the feed water is separated into two 
streams of water. The primary stream, or product stream, has a salinity that is 
less than the feed water and at a level required by the end user. The second 
stream, or the brine stream, is composed of the remaining feed water and all the 
removed salts from the product water. This stream is of no value to the process 
and may present disposal problems (Buros, 2000).
Both the desalination facility built on Tampa Bay, Florida and the plant being 
designed for construction in Carlsbad, California use filter-based technologies. 
More specifically, these plants utilize the newest filter-based desalination 
technology, reverse osmosis (RO), to desalt the ocean water (R. W. Beck Inc, 
2002; Poseidon Resources, n.d.; SDCWA, 2002). The first successful plants 
using RO commercially occurred in the 1970’s (Buros, 2000). RO is the only 
process that does not require either heat or a phase change. Instead, it uses a 
filtering process that removes salt by forcing water through a filter. A RO plant 
consists of four basic stages: pretreatment, high-pressure pump, membrane, and
16
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post-treatment. In the pre-treatment process, feed water is put into a chamber 
where a high-pressure pump significantly increases the pressure. As the 
pressure increases, the feed water is forced through an adjoining membrane that 
traps the salt. Hyper-saline water is left behind as the fresh water is passed 
through to the other side of the membrane. The two major inputs into the RO 
process are the membranes and the energy needed to run the pressure pump. 
Since the 1970’s, advances in both of these inputs have often made RO the most 
cost effective desalination process. But because the pressure needed to push 
water through the RO membrane is great, the cost of this process is highly 
related to the cost of electricity (Buros, 2000).
Seawater Desalination Environmental Concern
The primary environmental concern associated with seawater desalination is 
the disposal of hyper-saline brine in the ocean. The concern is that the change 
in salinity will adversely affect the surrounding ecosystem.
Tampa Bay Water reports that at their Tampa Bay, Florida plant the hyper­
saline discharge will be twice that of ambient seawater. However, they also note 
that this hyper-saline water will be significantly diluted when it is mixed with 
cooling water from the adjacent power plant. The dilution ratio is expected to be 
70 parts cooling water to 1 part hyper-saline brine discharge. Tampa Bay Water 
reports that the expected salinity changes due to brine disposal “.... falls well 
within the natural, yearly salinity fluctuations of Tampa Bay” (Tampa Bay Water, 
2002). Tampa Bay Water also reports that even under “worst-case” scenario
17
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testing, saline-sensitive animals do not experience an increase in mortality when 
exposed to high concentrations of brine water (Tampa Bay Water, 2002).
Interstate Seawater Desalination Exchange Factors 
Interstate Water Exchange Agreement Format
One issue with creating an interstate desalination agreement between entities 
in different states is reconciling the laws and regulations that govern the 
respective state’s actions. Since no interstate agreement of this kind has ever 
been created within the United States, no precedent has been set by which to 
determine the format of agreement for such a project. There are, however, 
several existing agreements that can help us understand how such an 
agreement could likely be implemented.
One useful model to look at in developing a seawater desalination agreement 
between entities in California and Nevada is the water banking arrangement 
between Arizona and Nevada. This agreement, which is discussed later as an 
alternative to seawater desalination, provides for the storage of water in Arizona 
on behalf of Nevada. Through this arrangement, Nevada is able to accumulate 
water credits that it can utilize in the future to meet its water needs. This 
arrangement is authorized by the federal government pursuant to regulation and 
implementation agreements (Davenport, 2003).
The federal regulation authorizing Arizona water banking is entitled Offstream 
Storage of Colorado River Water and Development and Release of Intentionally 
Created Unused Apportionment in the Lower Division States (1999). This
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regulation creates the mechanism that Arizona must use when Nevada or 
California requests its banked water. Pursuant to regulation, Arizona must ask 
the Bureau to recognize an Intentionally Created Unused Apportionment (ICUA) 
was created in Arizona through forbearance of Colorado River water use, and 
that the unused water from Arizona’s apportionment should go to the requesting 
state. A similar mechanism could be created for the exchange of California’s 
Colorado River water to southern Nevada under an interstate desalination 
agreement.
Impetus for Cooperation
In addition to the challenge of finding the appropriate legal format for 
engaging in a desalination arrangement, there is also the question of why such 
an arrangement would be worthwhile to Nevada and California. For Nevada, the 
question is easily answered. Increased demand requires southern Nevada to 
secure alternative water sources to the Colorado River. Desalted seawater 
would be beneficial if it was a secure, cost-effective source.
For southern California, building a seawater desalination plant would primarily 
increase their overall water supply. Although, increasing plant capacity to 
accommodate southern Nevada’s demand would not increase California’s overall 
water supply, there are three reasons why such an interstate arrangement would 
be beneficial to southern California.
The first reason is that large capital projects such as desalination plants often 
exhibit economies of scale. Economies of scale are defined in Merrett (1997) as 
“lower average total cost at higher output levels’’ (p. 190). Essentially when
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economies of scale are realized in water supply projects, the per af price of the
water decreases as the capacity of the plant increases. Loehman (1995) said:
In cases of economies of scale, efficiency in the sense of joint cost 
minimization will not be attained in a noncooperative setting when water 
suppliers act separately. Cooperation to carry out water supply activities 
jointly among several supplying entities would allow the benefits of 
economies of scale to be realized (p. 301).
According to Peter Macalaggan (personal communication, June 18, 2003) of 
Poseidon Resources,^ a coastal California seawater desalination plant would 
realize economies of scale for a plant up to 56,000 af. Therefore, if California 
intends to build a seawater desalination plant that has a capacity less then
56,000 af, expanding it to accommodate demand in southern Nevada would 
exhibit economies of scale and would decrease California’s cost per af.
The second reason for California to enter in an interstate desalination 
agreement would be avoided costs. Because California would forgo some of its 
Colorado River apportionment to Nevada, the arrangement would allow 
California to avoid the cost of pumping that forgone Colorado River water across 
California from Lake Havasu, and the cost of treating that same forgone 
Colorado River water for potable purposes.
Finally, southern California would receive a water quality benefit from forgoing 
Colorado River water for the use of desalinated seawater. Due to the degree of 
water treatment in the desalination process, desalinated seawater is of higher 
quality than treated Colorado River water. Therefore, when the desalinated
 ^Poseidon Resources is an infrastructure project development and investment company, which 
built the Tampa Bay seawater desalination plant, and is building the California seawater 
desalination plant.
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seawater is mixed with other water sources in the distribution system, the overall 
quality of the water supply increases (SDCWA, 2002).
To date, nothing has been written on the benefits, costs, or the feasibility of 
interstate desalination agreements. This research attempts to fill that gap.
Alternatives
Currently, southern Nevada relies primarily on the Colorado River for its 
municipal water supply. The water is provided under contract with the USBOR. 
Nevada water contractors receive the water for free, paying only a fifty-cent per 
af administration charge to the USBOR (Amended and restated contract with the 
SNWA, 1994). In addition, SNWA pays for treatment of the water and the 
pumping required to deliver the water. All new water supply options (Table 1) are 
significantly more expensive on the margin then the current Colorado River 
apportionment.
This research will compare seawater desalination to two of the water supply 
options currently contained within the water resource plan of the SNWA. The 
alternatives are: Arizona groundwater banking and utilization of the valley’s 
shallow groundwater aquifer (SNWA, 2002). These two options were listed in the 
SNWA Resource Plan because SNWA considers banking and groundwater 
options to be of high probability in the near future (Table 1) and they have 
associated cost estimates.
The first option, the Arizona groundwater-bank, was created in 2001. It is a 
group of interstate agreements between (1) the State of Nevada, through the
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SNWA jointly with the Colorado River Commission of Nevada and (2) the State of 
Arizona through the Arizona Water Banking Authority (AWBA) and the Central 
Arizona Water Conservation District and (3) the United States through the 
Department of the Interior and the Bureau of Reclamation. In this cooperative 
agreement Nevada pays Arizona to store a portion of either Nevada or Arizona’s 
unused Colorado River apportionment in the ground in Arizona. This process 
has been termed “banking.” In a future year, Nevada may request the water from 
Arizona. Arizona will then pump the water out of the ground and distribute it to 
users in that state, in lieu of diverting Colorado River water. Nevada will then be 
authorized by the Secretary of the Interior to divert an equivalent amount of 
Colorado River water from Lake Mead. Nevada’s credits in Arizona’s “bank” are 
thereby consumed. Unfortunately, however, this resource is limited. Nevada 
may not bank more than 1.2 maf in Arizona’s bank (Arizona Water Banking,
1996).
Originally Nevada expected not to call on this banked water until the second 
decade of this century. But a continuous drought has caused Nevada to order its 
first withdrawal from the bank to be used in 2003. The cost of the water for 
southern Nevada is the same as the cost to Arizona in providing that water 
(Arizona makes no profit). Since no withdrawals have been made to date, the 
actual costs for the withdrawn resource remain unknown at this time.
The second source lays below the Las Vegas valley. There, a shallow aquifer 
of poor quality water has been created, and is supplied by excess irrigation in the 
valley. The SNWA has investigated this water as a potential resource for the
22
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future and has concluded that the project is technically feasible and that 
approximately 4 mgd could be expected from this resource (Black and Veatch, 
1997).
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CHAPTER 3
METHODS AND DATA 
Definition
This paper follows Dively and Zerbe’s (1994) benefit-cost analysis approach. 
Dively and Zerbe (1994) define benefit-cost analysis as “a set of procedures for 
defining and comparing benefits and costs. In this sense it is a way of organizing 
and analyzing data as an aid to thinking” (p. 2). The authors identify what they 
regard as a “fundamental rule” of benefit-cost analysis, “Decisions are made by 
decision makers, and benefit-cost analysis is properly regarded as an aid to 
decision making and not the decision itself (p. 2).
In this benefit-cost analysis there are two important economic cost concepts: 
cost and average cost. Costs are those things that require payment or are a loss 
to an individual or society. Costs are defined as “the amount or equivalent paid 
or charged for something” (Webster’s, 1989, p. 295). The average total cost 
(ATc) of water is used to compare the relative cost of a given volume of water to 
alternatives. Merrett (1997) defines average total cost as “total cost divided by 
the number of units of output” (p. 189). Water Is generally expressed in an 
average total cost per af, or the dollar cost of water per af.
There are additional categories of cost. They include the capital costs (Cc), 
or such things as land, buildings, equipment, and anything that is expected to last
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longer then one year. Costs also include a current spending category, such as 
the purchasing of input water, mechanical parts, office equipment, and 
maintenance (Merrett, 1997).
There are two important benefit concepts in this benefit-cost analysis: benefit 
and avoided cost. Benefits are defined as those things that are considered 
useful or profitable (Webster’s, 1989). Avoided costs (Ac) are costs, which no 
longer have to be paid for due to some change or action. These are positive 
numbers and, as such, are considered benefits as they reduce overall cost.
An additional important economic concept is the concept of externalities. 
Externalities are secondary, or unexpected consequences. Externalities can 
either be positive (benefits) or negative (costs)(Merrett, 1997).
Procedure
The first step in quantifying the ATc of seawater in an interstate cooperative is 
to identify the associated costs and benefits. These can be direct costs or 
benefits such as capital expenditures, or they can be indirect or unexpected such 
as externalities. The costs identified in this thesis are: (1) the seawater 
desalination plant capital, (2) the seawater desalination plant operation and 
maintenance, (3) the distribution capital and operation and maintenance cost for 
the desalinated seawater, and (4) the treatment of the Colorado River water 
exchanged to Nevada. The benefits which have been identified in this thesis are: 
(1) the avoided costs to California, (2) the return flow credit benefit to Nevada, (3) 
and the benefit to both California and Nevada in the use and consumption of the
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gained water. One negative externality has been identified in the form of lost 
hydropower production from Hoover Dam.
The second step in quantifying the average total cost of desalinated seawater 
is to collect all necessary data. Once the estimates have been collected, they 
must all be brought into comparable terms. For example, if one data source 
gives values in mgd and one in af they must be adjusted to be equal. In this 
study I base estimates on af units.
The third step is ensuring that the given data be put into similar dollar 
amounts (same year). Here all dollar figures will be brought to their equivalent 
amount in 2005 dollars (2005$). In order to do this an inflation rate must be 
chosen which allows those figures to be inflated up to 2005 dollars. This study 
will use 2.70 percent as an annual inflation rate as it was the rate chosen and 
used in the Carlsbad Seawater Desalination Proposal upon which our cost 
estimates are based (SDCWA, 2002). Inflating the values forward requires 
multiplying the given value by 1.027 for each year that the given value has to 
move forward in order to be equivalent to 2005 dollars (Table 2).
Table 2 Inflated Cost Values
Given Value 2005 Inflated Value
Plant capital (TPc) 242 million (2001$) 269 million
Distribution capital 30 million (2001$) 33 million
Plant O&M (Oc) 28 million (2001$) 31 million
Distribution O&M 4.5 million (2001$) 5 million
Nevada treatment cost (Tc) 200 (2003$) Expected to stay at 200 in 2005
26
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Once the costs and benefits have been identified, the data has been 
collected, and the given numerical values have been brought into comparable 
terms, the next step is to quantify the value for each cost and benefit and to 
derive average total cost equations.
The first cost is the seawater desalination plant capital (Cc). A large capital 
expenditure such as this one would be paid for over the expected life of the 
facility. In this case, the capital expenditure for the plant will be paid for over a 
thirty-year period, or the expected life of the seawater desalination plant before a 
major overhaul (SDCWA, 2002). The operation and maintenance cost (O&M) of
this facility is also a necessary factor. The operation and maintenance cost will
be known for the first year the plant is in operation and will be inflated over time 
for thirty years. The sum of the plant capital cost (Cc) and plant operation and 
maintenance cost (O&M) is the total plant cost (TPc).
Cc + O&M = TPc (1)
The total plant cost (TPc) divided by the plants af capacity (X) is the average 
total plant cost (ATPc).
TPc / X = ATPc (2)
There are two additional costs that must be considered in determining the 
average cost of desalinated water. The first is the cost for distributing the
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desalinated water (Dc) in California. The second is the treatment cost (Tc) of 
treating Colorado River water in Nevada. To quantify the additional costs of the 
distribution system in California, a debt service schedule will need to be derived 
for the capital expenditure over the life of the plant. The annual O&M costs 
known in year one will be inflated over time.
The additional cost to Nevada of Colorado River water treatment is a known 
cost with a given value in 2003 dollars. In order to reflect this cost over time, the 
value must be inflated.
The first benefits associated with an interstate seawater desalination trade 
are the avoided costs (Ac). There are two avoided costs in a desalination 
transfer: (1) the avoided cost of pumping Colorado River water across the 
California desert and into municipal areas such as San Diego, and (2) the 
avoided cost of Colorado River water treatment.
The cost of pumping Colorado River water across California is avoided for the 
amount of water exchanged to Nevada. Since Nevada will divert this water from 
Lake Mead for use in southern Nevada, California does not have to pump it 
across the state. For the same reason, California avoids the cost of treating the 
exchanged water because California is using desalted seawater instead. These 
two avoided costs are considered separately in the initial analysis (Table A2) but 
are combined in the formulas and abbreviated together as Ac.
The avoided cost of Colorado River water pumping is quantified by knowing 
the dollar value of the energy required (Ec) to pump an af of water across 
California, and the total af of water exchanged to Nevada (X E nv).
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Avoided cost of pumping = Ec * X E n v  (3)
The avoided cost of California’s treatment of Colorado River water is a known 
value, given in 2003$. In order to represent this value over time it must be 
inflated.
The second benefit associated with an interstate trade of this kind is found in 
the return flow credit methodology (RFC) of southern Nevada. Under current 
accounting practices between the Colorado River Commission of Nevada and 
the Bureau of Reclamation, Nevada receives credit for every gallon of water it 
returns to the Colorado River system. This accounting allows for Nevada to 
divert more water from Lake Mead than the numerical consumptive use allotment 
because return flow credits reduce consumptive use (CRCN, 2003). This water 
use accounting practice permits approximately 33 percent greater water 
diversions than the consumptive use apportionment. Therefore, the formula to 
quantify the amount of water which Nevada can divert (XDnv) is the amount of 
water exchanged to Nevada (XEnv) multiplied by a 33 percent accounting factor.
XD nv = X E nv * 1.33 (4)
The benefits associated with the consumption of an imported af of water into 
southern Nevada under any water supply scenario (Table 1) are essentially 
equivalent since the use of the water will be the same. Therefore, it is
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appropriate to assume the benefits from consumption of an af of imported water 
are equal among all alternatives.
There is one negative externality associated with an interstate seawater 
desalination trade between California and Nevada. The loss in hydropower (He) 
at Hoover Dam is a consequence of this trade and is a loss to society and to 
power users in California, Nevada, and Arizona. Some portion of California’s 
Colorado River apportionment will be forgone by a California water user in trade 
for a capital contribution to a coastal seawater desalination facility. This forgone 
amount of water would not flow through Hoover Dam to be delivered to the end 
user in California. Instead, this water would be withdrawn from Lake Mead at 
SNWA’s treatment facility located on Saddle Island. The net result of having less 
water travel through the dam and the subsequent turbines of the hydropower 
facility is that less electrical energy will be produced.
To quantify the af loss in hydropower production from Hoover Dam, an energy 
production estimate must be derived. This can be accomplished using average 
energy production rates at high and low Lake Mead water levels. This average 
energy production can be multiplied by any volume of water exchanged between 
California and Nevada from a use below Hoover Dam to a use above Hoover 
Dam in order to estimate total energy loss. Then, the price of replacement power 
in the open market is subtracted from the price of the hydropower from Hoover in 
order to estimate the increased expenditure required for alternative power. This 
increased loss is per af and can be multiplied by any volume of water traded to 
quantify total loss in the value of the lost hydropower.
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The formula to quantify the value of this loss (He) is the contracted Hoover 
energy rate (He) in dollars minus the replacement energy (Re) from the open 
market in dollars multiplied by the amount of water exchanged to Nevada (X E nv). 
He is assumed to be a negative value or negative externality.
He = (He -  Re) * XEnv (5)
To compute the average total cost of water, the average total plant cost 
(ATPc), plant operation and maintenance costs (O&M), avoided costs (Ac), the 
additional treatment cost (Tc), the additional distribution cost (Dc), and the 
Hydropower externality (He) must all be summed and averaged over plant 
capacity. This is accomplished by using three algebraic equations: average total 
cost (ATc) of water from a societal perspective (6), the per af cost for Nevada 
(NVc) (7), and the per af cost for California (CAc) (8). The average total cost 
equation is a blended cost including all of the costs and benefits associated with 
Nevada and California, and the negative externality of lost hydropower from 
Hoover dam. The equation used for Nevada includes additional treatment of the 
traded Colorado River water, which California’s equation does not. Neither the 
Nevada equation nor the California equation includes the externality of lost 
hydropower because the entities creating this exchange would not have to pay 
for its loss; it is essentially a loss to society.
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ATc = ((ATPc(X) + T c (X D nv) + Dc(X) - H c (X E nv) - A c (X ca)) /  (X D nv +  X ca) (6)
NVc = ((A T P c (X E nv) +  D c (X E nv) +  T c (X D nv)) /  X D nv (7)
CAc = ((A T P c (X ca) +  D c (X ca) - A c (X ca)) /  X ca (8)
Where ATPc is the average total plant cost, X is the total af produced by the 
desalination plant, Tc is the treatment cost to Nevada, X D nv amount of water 
diverted by Nevada due to the exchange, Dc is the cost of distribution in 
California, He is the Hoover externality cost, X E nv is the amount of water 
exchanged to Nevada, Ac is the avoided cost to California, X ca is California’s 
initial amount of water from the desalination plant.
The final step is to compare the alternatives with respect to cost, supply 
availability, supply capacity, and the longevity of the resource.
Data
The data used in this analysis came from several sources tied to seawater 
desalination and water operations in both Nevada and California.
The cost estimates for capital and operation and maintenance of the 
desalination plant came from the SDCWA’s seawater desalination plant proposal 
(SDCWA, 2002). This proposal was among several submitted to the MWDSC for 
their consideration as part of their seawater desalination program. The proposal 
was the one accepted by the MWDSC and is therefore the proposal used in this 
research as the most reflective of true costs.
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The total capital cost for the 56,000 af per year Carlsbad seawater 
desalination project was estimated at $242 million (2001$). This estimate 
includes all associated fees for a capital debt service with a 30-year repayment 
period after two years of capitalized interest^ during construction. Additionally, 
the study identified $30 million (2001$) in total capital cost for the construction of 
the local and regional distribution facility, which would be required to get the 
water from the desalination facility to the end user. These capital cost estimates 
include, but are not limited to: project development, permitting, siting, 
engineering, construction, construction management, equipment procurement, 
utilities, financing, capitalized interest, bonds and insurance, storage facilities and 
project startup and testing (San Diego County Water Authority, 2002). The plant 
will require an annual operation and maintenance cost of $28 million (2001$). 
Operation and maintenance of the distribution system is estimated at $4.5 million 
(2001$). The total annual operating costs for the project is $32.5 million (2001$) 
per year, including the seawater desalination facility and the distribution system 
(SDCWA, 2002).
In order to move forward with a benefit cost analysis of an interstate trade of 
water some assumptions are required. In a trade with California, Nevada would 
secure some of California’s Colorado River resource for use in Nevada. This 
water would then be subject to RFC accounting by the state and approximately a 
third of the resource would be returned to the Colorado River system and would 
effectively reduce consumptive use. The 28,000 af trade of Colorado River water
 ^The capital cost estimate of this project includes the payments on the debt during the time the 
plant is being constructed and not receiving a revenue source from the sale of water: this is 
termed capitalized interest.
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which is being tested in this thesis would thus actually be equivalent to 37,332 af 
of a resource not originating from the Colorado River. In order to accurately 
calculate the true value and the true cost of the exchanged Colorado River water, 
the cost per af should reflect the water expected to be diverted and used in the 
valley.
In this thesis the amount of water available to Nevada will be calculated as
37,000 af to account for the RFC benefit. It is important to note here that if this 
traded water remained in California this added benefit afforded to southern 
Nevada would be lost.
To properly distribute the costs of the project between an entity in southern 
California and an entity in southern Nevada, it is important to determine which 
entity will pay for which costs. If the desalinated seawater is equally shared 
between the two entities, the capital and O&M costs of the facility should be 
shared equally. However, these costs could be moved toward either user in 
varying percentages. This assumption is essential to performance of this 
economic analysis.
The second assumption concerns how distribution costs will be shared. The 
seawater desalination facility would be located in California, and distribution of 
the desalinated seawater will be made only to California users. One argument 
would be that since Nevada has built its distribution and treatment facility 
irrespective of the project analyzed by this thesis, it is equitable that California 
pay for its distribution of desalinated water and that Nevada pay for its 
distribution and treatment of exchanged Colorado River water. However, if
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California pays for ail of the distribution system, it would be paying for a system 
built to accommodate excess capacity for Nevada. This research adopts the 
assumption that each respective state pays half of the distribution cost.
The avoided cost data came from two sources: (1) the calculation of the 
avoided pumping costs came from a study done by the MWDSC, which 
quantified the amount of energy which is required to pump an af of water across 
California and into municipal areas (MWDSC, 2003); and (2) the data used to 
estimate the avoided cost of treatment came from Black and Veatch (1997) in a 
study conducted to examine the feasibility of removing total dissolved solids from 
the Colorado River system.
The data used to calculate additional cost to Nevada came from the SNWA’s 
meeting minutes of June 21, 2001. These minutes indicate that the SNWA 
approved an increase in wholesale delivery of treated Colorado River water from 
$157 to $200 per af (SNWA, 2001).
Data used to estimate lost hydropower potential from Hoover Dam came from 
several sources. Line one of Table 6, the energy produced from an af of water 
passing through Lake Mead when the lake was operationally full (1,212.52 ft), 
came from the Western Area Power Administration (WAPA)’s Power Operations 
Report (Western Area Power Administration, 1999). The energy produced from 
an af of water passing through Hoover Dam during low lake levels was taken 
from the USBOR’s website and is an estimate of the lowest lake elevation seen 
in recent history (USBOR, 2003a). These two figures allow for the estimation of 
average energy potential from one af of water. The energy rate estimates came
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from two sources. The Hoover Dam rate estimate came from the WAPA (1999) 
report, and the open market energy rate estimate came from Tom Patmavnu, 
Power Supply Planner for the Colorado River Commission of Nevada.
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CHAPTER 4 
RESULTS
Seawater Desalination Benefit-Cost Analysis 
Project Cost Estimates
Table A1 represents the production cost of desalinated seawater. In table A1, 
column A represents the annual debt service on a $242 million (2001$) capital 
expenditure (Cc) with a 5% bond over 30 years. Column B represents the $30 
million (2001$) operation and maintenance cost (O&M) inflated over time.
Column C represents the total plant cost, or the addition of Cc and O&M.
Column D is the average cost of water per af (ATPc) produced for a 56,000 af 
plant. Prices range from $851 in year one (2005) to $1,498 in year 30 (2034). 
Avoided Cost
The electrical energy required to pump the water from the point of diversion to 
the place of delivery is 2,000-kWh per af (af) (MWDSC, 2003a). This is the 
electrical energy required to drive the pumps. In addition to this physical energy 
requirement there is also a loss of energy to the MWDSC, which is contractually 
based and set at 348 kWh per af. This loss is a charge to the MWDSC for its use 
of the aqueduct, which is provided by Southern California Edison (MWDSC, 
2003a). It follows that for every af of water that is forborne by the MWDSC, their
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energy available from Southern California Edison increases by 348 kWh. 
Therefore, the total energy cost which would be avoided in an interstate seawater 
desalination agreement is 2,348 kWh per af.
To quantify the avoided cost of reduced pumping requirements, one must 
estimate the energy market into the future and calculate the avoided 
expenditures on the energy that would have been required to pump the water 
across the state. In this case, the cost is being analyzed over a thirty-year 
period, or the expected life of the desalination plant before a major overhaul is 
required. The energy estimates were made using the Palo Verde electrical 
station in February 2003. These estimates are given in yearly averages 
(Appendix D).
From this energy cost estimate it was possible to quantify the market value of 
the 2,348 kWh of energy it would take to pump an af from the Colorado River to 
delivery in coastal California (Appendix D).
Table A2 columns A and B show the avoided cost of pumping Colorado River 
water in California. Column A shows the savings per af, or avoided cost per af. 
Column B represents the total savings from not having to pump 28,000 af of 
Colorado River water across the state.
The avoided cost of treating Colorado River water in southern California is 
dependant on many factors such as the cost of the chemicals, filters, energy, and 
the capital cost of the facility in which treatment will take place. For Colorado 
River water treated by MWDSC, this cost is $1,175 per mgd (Black and Veatch,
1997). The operation and maintenance costs are labor, power, maintenance.
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and chemicals used in the process. Total operation and maintenance costs are 
$76.70 per million gallons of product water. Combined, the total costs for 
treatment of MWDSC Colorado River water is $328.00 per million gallons 
produced, or $107.00 per af produced (Black and Veatch, 1997).
Column C of table A3 shows the savings per af to California of not having to 
treat the Colorado River they would forgo to Nevada. Column D represents the 
total savings from a 28,000 af trade. Column E represents the total savings per 
af, or total avoided cost (Ac), from the trade, which is the sum of the pumping 
avoided cost and the treatment avoided cost. Column F is the total savings for a 
trade of 28,000 af.
The above calculation demonstrates that this interstate exchange would 
benefit California in the amount of $107 (2005$) per af in treatment savings. To 
determine the yearly avoided cost from this transaction, this average af savings 
must be multiplied by the total number of af forgone by California. If, in 2005, 
California were to forgo 28,000 af of Colorado River water to Nevada the total 
avoided treatment cost would be $2,996,000 (2005$).
Table A3, column A, demonstrates the cost per af of $200 (2003$) that 
Nevada must pay to treat any Colorado River that it imports from the system (Tc) 
inflated over time. Column B shows the total additional cost for treatment with a
28,000 af trade.
Table A4, column A, shows the af debt service cost for the distribution 
system. Column C demonstrates the operation and maintenance costs for the 
distribution system inflated over time. Column E shows the cost per af increase
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due to the distribution (Dc) costs of the desalinated seawater. Column D 
represents the total additional cost for the distribution of the desalted seawater. 
Appendix C shows the debt service schedule, which quantified the additional cost 
for distribution.
Negative Externalities
The reduction in hydropower production from Hoover Dam, due to the water 
exchange, was calculated using an average of energy produced from the plant at 
a high water level and at a low water level. The characteristics of hydropower 
production at Hoover Dam vary depending on the water level of Lake Mead; 
therefore high and low water level power estimates are necessary. The high 
water level in December 1998 produced 493.78 kWh of energy per af released 
through Hoover Dam (WAPA, 1999). The lowest water level is expected to occur 
in October 2004, and is expected to produce 413.60 kWh of energy per af 
released through Hoover Dam (USBOR, 2003). The average energy production 
at Hoover Dam is the addition of the high water level estimate and the low water 
level estimate divided by two, or 453.69 kWh per af released from Hoover Dam.
The total lost hydropower from Hoover dam is the average hydropower lost 
per af traded multiplied by the af traded. With 28,000 af being traded, the lost 
hydropower is 453.69 kWh multiplied by 28,000 af or approximately 12.7 million 
kWh per year lost.
To determine the value of lost hydropower, the cost of Hoover energy and the 
cost of replacement energy must be known. The cost of Hoover power is known 
through 2017 in accordance with an existing contract (WAPA, 1999). The cost of
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energy in the open market for the projected life of the water exchange was 
estimated by Tom Patmavanu, Power Supply Planner at the Colorado River 
Commission, starting in 2004 and continuing until 2034 (Table A6). The 
increased cost for energy is the open market rate minus the Hoover rate, or in 
2005, $32.81 per MWH. Taking the total lost MWH in 2005, 12,703, and 
multiplying it by the increased cost, $32.81, yields a total increased expenditure 
for that year of $416,785. Taking the total increased expenditure for open market 
energy, $416,785, and dividing it by the exchanged amount of water 28,000 af, 
yields a per af increased expenditure in open market energy, or $14.88 per af 
(2005$) (Table A6).
Calculation of unit cost
Replacing the cost and benefit variables with their respective values and 
including the af production considered in this trade, including the relative 
distribution of that production provides cost estimates (Table A6). These results 
indicate that the average price per af (ATc), including the negative externality of 
lost hydropower, is $893 (2005$). The cost for Nevada (NVc) including treatment 
cost is $941 (2005$) per af and the cost to California (CAc) including distribution 
and associated avoided costs is $815.00 (2005$) per af (Table A6).
Comparison to Alternatives 
The shallow ground water aquifer is a promising water supply source with 
local control and a sustainable yield of approximately 4 mgd (Black and Veatch, 
1999). Additionally, since it is locally controlled, utilization of the shallow ground
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water aquifer would not require the same interstate and governmental 
agreements which interstate seawater desalination would require.
Although the aquifer may be easier to utilize, it suffers as a limited resource. 
With a plant capacity of 56,000 af per year, seawater utilization would have 
annual yields in excess of the approximate sustainable annual yield from the 
shallow ground water aquifer of 4,500 af.
The comprehensive cost of pumping and treating the shallow ground water 
aquifer to potable standards ranges from $1,449 to $2,287 (1999$), or $1,746 to 
$2,756 (2005$) per af (Table 3) depending on the type of treatment used and 
whether the system is operated full or part time (Black and Veatch, 1997). This 
research indicates that interstate seawater desalination could cost Nevada $941 
(2005$) per af. According to these cost estimates interstate seawater 
desalination appears cheaper then the local shallow aquifer.
The second alternative to seawater desalination is the Arizona groundwater 
banking agreement between Nevada and Arizona in which Arizona can store 
water in the ground on behalf of Nevada. The Arizona groundwater bank has yet 
to be used by Nevada to supplement its Colorado River resource. However, 
preliminary estimates indicate that the cost of storing the water in the ground is 
approximately $170 (2003$) per af (S. Fabritz, personal communication, October 
7, 2003). The cost for pulling the water back out has been estimated as 
equivalent to the storage costs, or an additional $170 (2003$) per af (J. 
Davenport, personal Communication, October 7, 2003). Total cost to import the 
water is estimated to be $340 (2003$), or $359 (2005$). An additional cost is the
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treatment of the imported Colorado River water at the SNWA’s Lake Mead 
treatment facility. This cost is the same as it is for exchanged Colorado River 
water in an interstate seawater desalination agreement or $200 (2005$) (Table 
3).
The total $559 (2005$) per af cost estimate for banked water in Arizona is 
considerably lower then the $941 (2005$) cost to Nevada for exchanged 
desalinated seawater water with California. An additional benefit associated with 
the Arizona Groundwater Bank is that the laws and regulations needed to use the 
interstate bank already have been created (Davenport, 2003).
Although the Arizona Groundwater Bank is cheaper and has an existing 
structure from which to operate, it has limitations that seawater desalination does 
not have. The amount of water available to be banked is limited and the water, 
which has and will be banked on Nevada’s behalf, comes from the Colorado 
River and is subject to drought and other constraints which limits its reliability. 
Since the life of the Arizona Groundwater Bank is limited, perhaps seawater 
desalination exchanges could be designed to replace the water gained in the 
bank once that supply is exhausted.
Table 3 Alternative Suppiv Cost Comparison





Capital cost and O&M $851 $1,746-$2,756 $359
T reatment cost $200* for NV Included $200
Total $941** $1,746-$2,756 $559
*Cost to NV to treat exchanged water
**Total includes relative distribution of costs between CA and NV
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CHAPTER 5
DISCUSSION AND SUMMARY 
Discussion
This research indicates that an interstate desalination agreement between 
entities in California and Nevada is feasible. Advances in seawater desalination 
technologies have made larger less expensive plants a reality. The fact that a 
plant is currently operating in the U.S. attests to this point. Also, this research 
finds that interstate and federal agreements that would be necessary for an 
exchange of water between Nevada and California are feasible. Similar 
interstate agreements have been reached between Nevada and Arizona, forging 
the process by which an interstate desalination agreement could be reached.
The benefit-cost aspect of this research indicates that seawater desalination 
is a cost competitive water supply resource for southern Nevada. It is cost 
competitive because the cost is lower then some existing alternatives, and 
although, it is more expensive then other alternatives, the characteristics of 
seawater desalination might make it preferable.
The quantified benefits are the avoided costs for California, and the benefit of 
return flow credits to Nevada. The avoided costs to California would not be a 
reality if this agreement were not pursued and as such are the primary reason 
costs are reduced for California as compared to costs without interstate
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cooperation. The benefit of return flow credits for the exchanged water to 
Nevada would not be realized absent this agreement and therefore are the 
primary reason costs for southern Nevada are reduced.
An important aspect of a benefit cost analysis is the benefit gained from the 
use of the good or service being analyzed. However, in the case of comparing 
alternative sources of water this is not necessary because the benefit gained 
from the use of the water will not change dependant on the supply source. Water 
from the Arizona Ground Water Bank will be used within southern Nevada the 
same way and at the same benefit level of water used in southern Nevada from 
seawater desalination exchanges. Therefore, quantifying the actual benefit from 
the consumption of the gained water was not necessary and the benefit of 
consuming the water across all alternatives is considered equal.
The negative externality of the loss of hydropower potential from Hoover Dam 
is associated with an exchange of water of this kind and should also be 
considered when discussing interstate seawater desalination. The power loss 
will be absorbed by the three lower basin states and will result in those states 
paying higher energy rates in the open market for replacement energy.
However, compared to the overall power production from Hoover Dam, the lost 
energy is not that significant.
At a cost to Nevada of $941 (2005$) per af, water exchanged through a 
seawater desalination agreement is of lower cost then the $1,746 to $2,756 
(2005$) per af cost of the Las Vegas shallow ground aquifer. The desalination
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agreement also has the potential to produce a larger supply over time then the 
aquifer.
The Arizona Ground Water Banking agreement between Arizona and Nevada 
is expected to produce water for Nevada at $559 (2005$) per af, which compared 
to the $941 (2005$) cost of a desalination agreement is considerably lower. 
Although, banked water in Arizona appears to be a cheaper water supply 
resource, when compared against the benefits of seawater desalination, 
seawater desalination is still competitive. Current banking agreements limit the 
amount of water available in the Arizona bank, whereas seawater desalination 
can produce water in perpetuity. Seawater desalination is also not subject to the 
annual fluctuation of the Colorado River system, which might hinder the 
availability of banked water.
Considering the cheaper cost of Arizona banked water and the additional 
advantages of seawater desalination it appears that banked water should be 
utilized prior to seawater desalination and that seawater desalination might be 
used to replace the banked water once the resource in Arizona is fully utilized.
The results of this research indicate that through cooperation and innovation 
Nevada and California can mutually benefit from creating an interstate 
desalination agreement. For example, it is most probable that the plant built for 
both states’ demands will exhibit greater economies of scale then a smaller plant 
built solely for California’s use. Furthermore, this research indicates that 
cooperation in general with respect to water supply projects yields better results 
then individually working towards a goal.
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Summary
As the lower basin of the Colorado River grows in population, it will need 
additional supplies of water. In fact, during low years of river flow there is already 
not enough water to meet demand. A resounding theme in the literature is a 
need for innovative, creative, and nontraditional approaches to water 
management. The exchange of Colorado River water for a capital contribution 
toward a coastal seawater desalination plant is one such nontraditional and 
innovative approach. This research explored whether this type of arrangement is 
feasible, with respect to several constraints, including technical, economic, legal, 
and environmental issues. The research is beneficial not only to the future of 
southern Nevada and southern California, but it is also the first evaluation of this 
type of trade. Moreover, this research may be invaluable to other municipalities 
which need additional supplies and wish to look toward the ocean for its water.
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TABLE A 1 COST OF SEA WA TER DESALINA TION FACILITY
A B C D
Year Capacity Total project O&M per year Plant Cost
acre-foot
cost(af) capital cost (Cc) (O&M) (ATPc)
2005 56,000 16,590,000 31,088,076 47,678,076 851
2006 56,000 16,588,000 31,927,454 48,515,454 866
2007 56,000 16,586,500 32,789,495 49,375,995 882
2008 56,000 16,590,000 33,674,812 50,264,812 898
2009 56,000 16,587,750 34,584,032 51,171,782 914
2010 56,000 16,589,500 35,517,800 52,107,300 930
2011 56,000 16,589,500 36,476,781 53,066,281 948
2012 56,000 16,587,250 37,461,654 54,048,904 965
2013 56,000 16,587,250 38,473,119 55,060,369 983
2014 56,000 16,588,750 39,511,893 56,100,643 1,002
2015 56,000 16,586,000 40,578,714 57,164,714 1,021
2016 56,000 16,588,500 41,674,339 58,262,839 1,040
2017 56,000 16,585,250 42,799,547 59,384,797 1,060
2018 56,000 16,585,750 43,955,134 60,540,884 1,081
2019 56,000 16,589,000 45,141,923 61,730,923 1,102
2020 56,000 16,589,000 46,360,755 62,949,755 1,124
2021 56,000 16,590,000 47,612,495 64,202,495 1,146
2022 56,000 16,586,000 48,898,033 65,484,033 1,169
2023 56,000 16,586,250 50,218,280 66,804,530 1,193
2024 56,000 16,589,500 51,574,173 68,163,673 1,217
2025 56,000 16,589,500 52,966,676 69,556,176 1,242
2026 56,000 16,590,250 54,396,776 70,987,026 1,268
2027 56,000 16,585,500 55,865,489 72,450,989 1,294
2028 56,000 16,589,250 57,373,857 73,963,107 1,321
2029 56,000 16,589,750 58,922,951 75,512,701 1,348
2030 56,000 16,585,750 60,513,871 77,099,621 1,377
2031 56,000 16,586,000 62,147,745 78,733,745 1,406
2032 56,000 16,588,750 63,825,735 80,414,485 1,436
2033 56,000 16,587,250 65,549,029 82,136,279 1,467
2034 56,000 16,590,000 67,318,853 83,908,853 1,498
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TABLE A2 A VOIDED COSTS








af Savings 28k af
Total
af Savings Savings for 
(Ac) 28k af
2005 56,000 57 1,591,997 107 2,996,000 164 4,587,997
2006 56,000 56 1,573,071 110 3,076,892 166 4,649,963
2007 56,000 57 1,584,561 113 3,159,968 169 4,744,529
2008 56,000 57 1,604,148 116 3,245,287 173 4,849,436
2009 56,000 58 1,621,272 119 3,332,910 177 4,954,182
2010 56,000 58 1,634,750 122 3,422,899 181 5,057,649
2011 56,000 60 1,666,711 126 3,515,317 185 5,182,028
2012 56,000 60 1,677,342 129 3,610,230 189 5,287,572
2013 56,000 60 1,684,197 132 3,707,707 193 5,391,903
2014 56,000 60 1,691,142 136 3,807,815 196 5,498,957
2015 56,000 60 1,675,565 140 3,910,626 200 5,586,191
2016 56,000 60 1,675,565 143 4,016,213 203 5,691,778
2017 56,000 60 1,675,565 147 4,124,650 207 5,800,216
2018 56,000 60 1,675,565 151 4,236,016 211 5,911,581
2019 56,000 60 1,675,565 155 4,350,388 215 6,025,954
2020 56,000 60 1,675,565 160 4,467,849 219 6,143,414
2021 56,000 60 1,675,565 164 4,588,481 224 6,264,046
2022 56,000 60 1,675,565 168 4,712,370 228 6,387,935
2023 56,000 60 1,675,565 173 4,839,604 233 6,515,169
2024 56,000 60 1,675,565 178 4,970,273 237 6,645,838
2025 56,000 60 1,675,565 182 5,104,470 242 6,780,036
2026 56,000 60 1,675,565 187 5,242,291 247 6,917,856
2027 56,000 60 1,675,565 192 5,383,833 252 7,059,398
2028 56,000 60 1,675,565 197 5,529,196 257 7,204,762
2029 56,000 60 1,675,565 203 5,678,485 263 7,354,050
2030 56,000 60 1,675,565 208 5,831,804 268 7,507,369
2031 56,000 60 1,675,565 214 5,989,262 274 7,664,828
2032 56,000 60 1,675,565 220 6,150,973 280 7,826,538
2033 56,000 60 1,675,565 226 6,317,049 285 7,992,614
2034 56,000 60 1,675,565 232 6,487,609 292 8,163,175
*k = thousand
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TABLE A3 NEVADA ADDITIONAL COST
Colorado River treatment
A B
Year Capacity(af) Water 
af Cost (Tc)
Treatment 
Total cost for 28k
2005 56,000 200 5,600,000
2006 56,000 205 5,751,200
2007 56,000 211 5,906,482
2008 56,000 217 6,065,957
2009 56,000 222 6,229,738
2010 56,000 228 6,397,941
2011 56,000 235 6,570,686
2012 56,000 241 6,748,094
2013 56,000 248 6,930,293
2014 56,000 254 7,117,411
2015 56,000 261 7,309,581
2016 56,000 268 7,506,939
2017 56,000 275 7,709,627
2018 56,000 283 7,917,787
2019 56,000 290 8,131,567
2020 56,000 298 8,351,119
2021 56,000 306 8,576,599
2022 56,000 315 8,808,168
2023 56,000 323 9,045,988
2024 56,000 332 9,290,230
2025 56,000 341 9,541,066
2026 56,000 350 9,798,675
2027 56,000 359 10,063,239
2028 56,000 369 10,334,946
2029 56,000 379 10,613,990
2030 56,000 389 10,900,568
2031 56,000 400 11,194,883
2032 56,000 411 11,497,145
2033 56,000 422 11,807,568
2034 56,000 433 12,126,372
*k = thousand
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TABLE A4 DISTRIBUTION COST
Seawater Desalination plant water distribution






Cost Total Cost af Cost Total Cost (DC) Total Cost
2005 56,000 39 2,175,000 89 5,000,000 128 7,175,000
2006 56,000 39 2,174,750 92 5,135,000 131 7,309,750
2007 56,000 39 2,173,250 94 5,273,645 133 7,446,895
2008 56,000 39 2,170,500 97 5,416,033 136 7,586,533
2009 56,000 39 2,171,500 99 5,562,266 138 7,733,766
2010 56,000 39 2,171,000 102 5,712,448 141 7,883,448
2011 56,000 39 2,174,000 105 5,866,684 144 8,040,684
2012 56,000 39 2,170,250 108 6,025,084 147 8,195,334
2013 56,000 39 2,175,000 110 6,187,761 149 8,362,761
2014 56,000 39 2,172,750 113 6,354,831 152 8,527,581
2015 56,000 39 2,173,750 117 6,526,411 156 8,700,161
2016 56,000 39 2,172,750 120 6,702,624 159 8,875,374
2017 56,000 39 2,174,750 123 6,883,595 162 9,058,345
2018 56,000 39 2,174,500 126 7,069,452 165 9,243,952
2019 56,000 39 2,172,000 130 7,260,328 169 9,432,328
2020 56,000 39 2,172,250 133 7,456,356 172 9,628,606
2021 56,000 39 2,175,000 137 7,657,678 176 9,832,678
2022 56,000 39 2,170,000 140 7,864,435 179 10,034,435
2023 56,000 39 2,172,500 144 8,076,775 183 10,249,275
2024 56,000 39 2,172,000 148 8,294,848 187 10,466,848
2025 56,000 39 2,173,500 152 8,518,809 191 10,692,309
2026 56,000 39 2,171,750 156 8,748,817 195 10,920,567
2027 56,000 39 2,171,750 160 8,985,035 199 11,156,785
2028 56,000 39 2,173,250 165 9,227,631 204 11,400,881
2029 56,000 39 2,171,000 169 9,476,777 208 11,647,777
2030 56,000 39 2,170,000 174 9,732,650 213 11,902,650
2031 56,000 39 2,170,000 178 9,995,431 217 12,165,431
2032 56,000 39 2,170,750 183 10,265,308 222 12,436,058
2033 56,000 39 2,172,000 188 10,542,471 227 12,714,471
2034 56,000 39 2,173,500 193 10,827,118 232 13,000,618
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1 Dec-98 1,212.52 493.78 1,224,526 604,646,448
2 Oct-04 1,143.30 413.60 382,253 158,100,000
3 Monthly Averages 453.69 803,390 364,489,870
4 Annual Averages 453.69 9,640,676 4,373,878,435
Reduction in available
5 water (28,000)
6 After Reduction 453.69 9,612,676 4,361,175,115
7 Reduction in KWH generated annually (12,703,320)
11 12 13(21-11) 14(7) 15(13*14) 16(15/28,000)
Hoover Annual
energy Replacement Energy rate reduction in Additional cost of Additional cost
rate* energy rate** difference MWH energy of energy / af
2004 8.96 $ 42.09 $ 33.14 12,703 $ 420,950.68 $ 15.03
2005 9.45 $ 42.26 $ 32.81 12,703 $ 416,778.60 $14.88
2006 9.82 $ 40.54 $ 30.72 12,703 $ 390,246.02 $13.94
2007 9.42 $ 35.44 $ 26.02 12,703 $ 330,584.50 $11.81
2008 9.71 $ 33.83 $ 24.12 12,703 $ 306,344.98 $10.94
2009 9.67 $ 34.59 $ 24.91 12,703 $ 316,461.20 $11.30
2010 10.27 $ 33.26 $ 22.99 12,703 $ 292,027.18 $10.43
2011 9.83 $ 33.30 $ 23.46 12,703 $ 298,061.84 $10.65
2012 9.81 $ 33.61 $ 23.80 12,703 $ 302,333.16 $10.80
2013 9.92 $ 33.74 $ 23.82 12,703 $ 302,594.30 $10.81
2014 9.26 $ 33.84 $ 24.58 12,703 $ 312,266.54 $11.15
2015 9.27 $ 33.95 $ 24.68 12,703 $ 313,512.57 $11.20
2016 8.86 $ 34.14 $ 25.28 12,703 $ 321,125.36 $11.47
2017 8.61 $ 34.33 $ 25.73 12,703 $ 326,797.94 $11.67
2018 8.61 $ 34.33 $ 25.72 12,703 $ 326,776.99 $11.67
2019 8.61 $ 34.36 $ 25.75 12,703 $ 327,158.09 $11.68
2020 8.61 $ 35.49 $ 26.88 12,703 $ 341,512.84 $12.20
2021 8.61 $ 34.75 $ 26.14 12,703 $ 332,112.39 $11.86
2022 8.61 $ 34.86 $ 26.25 12,703 $ 333,509.75 $11.91
2023 8.61 $ 35.04 $ 26.43 12,703 $ 335,796.35 $11.99
2024 8.61 $ 35.11 $ 26.50 12,703 $ 336,685.58 $12.02
2025 8.61 $ 35.15 $ 26.54 12,703 $ 337,193.72 $12.04
2026 8.61 $ 35.27 $ 26.66 12,703 $ 338,718.11 $12.10
2027 8.61 $ 35.41 $ 26.80 12,703 $ 340,496.58 $12.16
2028 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2029 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2030 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2031 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2032 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2033 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
2034 8.61 $ 35.44 $ 26.83 12,703 $ 340,877.68 $12.17
53
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE A6 CALCULA TION OF UNIT COST
Replacing the cost and benefit variables with their respective values yields 
these results:
ATc = ((851 (X) + 200(XD nv) + 128(X) -  14.88(XEnv) - 1 64(X ca)) /  X D nv + X ca (6) 
NVc = ((851 (XEnv) + 128(XEnv) + 200(X D nv)) / X D nv (7)
CAc = ((851 (Xca) + 1 28(X ca) - 1 64(X ca)) / X ca (8)
Including the af production considered in this trade, including the relative 
distribution of that production yields these results:
ATc = ((851(56,000) + 200(37,000) + 128(56,000) -  14.88(28,000) - 164(28,000)) 
/ 37,000 + 28,000 
ATc = $893 per af
NVc = ((851(28,000) + 128(28,000) + 200(37,000)) / 37,000 
NVc = $941 per af
CAc = ((851(28,000) + 128(28,000) - 164(28,000)) / 28,000 
CAc = $815 per af
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Date Principal Rate Interest Debt Service
6/1/2004
6/1/2005 3,840,000 5.000% 12,750,000 16,590,000
6/1/2006 4,030,000 5.000% 12,558,000 16,588,000
6/1/2007 4,230,000 5.000% 12,356,500 16,586,500
6/1/2008 4,445,000 5.000% 12,145,000 16,590,000
6/1/2009 4,665,000 5.000% 11,922,750 16,587,750
6/1/2010 4,900,000 5.000% 11,689,500 16,589,500
6/1/2011 5,145,000 5.000% 11,444,500 16,589,500
6/1/2012 5,400,000 5.000% 11,187,250 16,587,250
6/1/2013 5,670,000 5.000% 10,917,250 16,587,250
6/1/2014 5,955,000 5.000% 10,633,750 16,588,750
6/1/2015 6,250,000 5.000% 10,336,000 16,586,000
6/1/2016 6,565,000 5.000% 10,023,500 16,588,500
6/1/2017 6,890,000 5.000% 9,695,250 16,585,250
6/1/2018 7,235,000 5.000% 9,350,750 16,585,750
6/1/2019 7,600,000 5.000% 8,989,000 16,589,000
6/1/2020 7,980,000 5.000% 8,609,000 16,589,000
6/1/2021 8,380,000 5.000% 8,210,000 16,590,000
6/1/2022 8,795,000 5.000% 7,791,000 16,586,000
6/1/2023 9,235,000 5.000% 7,351,250 16,586,250
6/1/2024 9,700,000 5.000% 6,889,500 16,589,500
6/1/2025 10,185,000 5.000% 6,404,500 16,589,500
6/1/2026 10,695,000 5.000% 5,895,250 16,590,250
6/1/2027 11,225,000 5.000% 5,360,500 16,585,500
6/1/2028 11,790,000 5.000% 4,799,250 16,589,250
6/1/2029 12,380,000 5.000% 4,209,750 16,589,750
6/1/2030 12,995,000 5.000% 3,590,750 16,585,750
6/1/2031 13,645,000 5.000% 2,941,000 16,586,000
6/1/2032 14,330,000 5.000% 2,258,750 16,588,750
6/1/2033 15,045,000 5.000% 1,542,250 16,587,250
6/1/2034 15,800,000 5.000% 790,000 16,590,000
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Date Principal Rate Interest Debt Service af increase
6/1/2004
6/1/2005 505,000 5.000% 1,670,000 2,175,000 39
6/1/2006 530,000 5.000% 1,644,750 2,174,750 39
6/1/2007 555,000 5.000% 1,618,250 2,173,250 39
6/1/2008 580,000 5.000% 1,590,500 2,170,500 39
6/1/2009 610,000 5.000% 1,561,500 2,171,500 39
6/1/2010 640,000 5.000% 1,531,000 2,171,000 39
6/1/2011 675,000 5.000% 1,499,000 2,174,000 39
6/1/2012 705,000 5.000% 1,465,250 2,170,250 39
6/1/2013 745,000 5.000% 1,430,000 2,175,000 39
6/1/2014 780,000 5.000% 1,392,750 2,172,750 39
6/1/2015 820,000 5.000% 1,353,750 2,173,750 39
6/1/2016 860,000 5.000% 1,312,750 2,172,750 39
6/1/2017 905,000 5.000% 1,269,750 2,174,750 39
6/1/2018 950,000 5.000% 1,224,500 2,174,500 39
6/1/2019 995,000 5.000% 1,177,000 2,172,000 39
6/1/2020 1,045,000 5.000% 1,127,250 2,172,250 39
6/1/2021 1,100,000 5.000% 1,075,000 2,175,000 39
6/1/2022 1,150,000 5.000% 1,020,000 2,170,000 39
6/1/2023 1,210,000 5.000% 962,500 2,172,500 39
6/1/2024 1,270,000 5.000% 902,000 2,172,000 39
6/1/2025 1,335,000 5.000% 838,500 2,173,500 39
6/1/2026 1,400,000 5.000% 771,750 2,171,750 39
6/1/2027 1,470,000 5.000% 701,750 2,171,750 39
6/1/2028 1,545,000 5.000% 628,250 2,173,250 39
6/1/2029 1,620,000 5.000% 551,000 2,171,000 39
6/1/2030 1,700,000 5.000% 470,000 2,170,000 39
6/1/2031 1,785,000 5.000% 385,000 2,170,000 39
6/1/2032 1,875,000 5.000% 295,750 2,170,750 39
6/1/2033 1,970,000 5.000% 202,000 2,172,000 39
6/1/2034 2,070,000 5.000% 103,500 2,173,500 39
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Appendix D Avoided Pumping Cost Energy Estimation
CA I = 2348 kwh
On-Peak Off-Peak Flat mwh
Pumping
cost/af
Pumping cost for 
28,000 af
2003 $ 48.75 $ 32.94 $ 39.42 2.348 $ 77.35 $2,165,694
2004 $ 40.37 $ 27.38 $ 32.75 2.348 $ 64.30 $1,800,323
2005 $ 35.61 $ 24.22 $ 29.63 2.348 $ 56.86 $1,591,997
2006 $ 35.67 $ 23.93 $ 29.54 2.348 $ 56.18 $1.573,071
2007 $ 36.60 $ 24.10 $ 30.65 2.348 $ 56.59 $1,584,561
2008 $ 37.62 $ 24.40 $ 32.05 2.348 $ 57.29 $1,604,148
2009 $ 38.44 $ 24.66 $ 33.27 2.348 $ 57.90 $1,621,272
2010 $ 42.76 $ 24.87 $ 34.20 2.348 $ 58.38 $1,634,750
2011 $ 44.90 $ 25.35 $ 36.89 2.348 $ 59.53 $1,666,711
2012 $ 45.11 $ 25.51 $ 37.27 2.348 $ 59.91 $1,677,342
2013 $ 45.20 $ 25.62 $ 37.55 2.348 $ 60.15 $1,684,197
2014 $ 45.46 $ 25.72 $ 37.85 2.348 $ 60.40 $1,691,142
2015 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2016 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2017 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2018 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2019 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2020 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2021 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2022 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2023 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2024 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2025 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2026 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2027 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2028 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2029 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2030 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2031 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2032 $ 45.95 $ 2549 $ 38.14 2.348 $ 59.84 $1,675,565
2033 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
2034 $ 45.95 $ 25.49 $ 38.14 2.348 $ 59.84 $1,675,565
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